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Summary 

Gases other than carbon dioxide accounted for nearly 15% of U.S. greenhouse gas emiss ions in 

2007. yet there has been minimal discussion of these other greenhouse gases in climate and 

energy legislative initiatives. Reducing emissions from non-carbon dioxide greenhouse gase . 

such as nitrous oxide ( !0). could deliver short-term climate change mitigation results as part of 

a comprehensive policy approach to combat climate change. 

Nitrous oxide is 298 times more potent than carbon dioxide in its abi lity to afTect cl imate change: 

and moreover. results of a recent scientific study indicate that nitrous oxide is currently the 

leading ozone-depleting substance being emitted. Thus. legislation to restrict ni trous oxide 

emissions could contribute to both cl imate change protection and ozone recovery. 

The primary human ource of nitrous oxide is agricultural soi l management. which accounted for 

two-thirds of the N 20 emi ssions reported in 2007 (approximately 208 million metric tons CO! 

equivalent). One proposed strategy to lower N20 emissions is more efficient appl ication of 

synthetic ferti l izers. However. further analysis is needed to determine the economic feasibility of 

this approach as "'ell as techniques to measure and monitor the adoption rate and impact of !0 

emission reduction practices for agricultural soil management. 

As Congress considers legislation that would limit greenhouse gas emissions (both H.R. 2454 and 

S. 1733 v\Ould require that greenhouse gas emissions be reduced by 83% in 2050). among the 

issues being di cussed is how to address emissions of non-CO! greenhouse gases. Whether such 

emissions should be subject to direct regulation. ''hat role EPA should play using its existing 

Clean Air Act authority. whether the sources ofN!O shou ld be included among the covered 

enti ties of a cap-and-trade system. whether !0 reductions should be considered onsets to be 

purchased by the covered ent ities of a cap-and-trade system. and what role USDA should play in 

any N!O reduction scheme are among the issues being discussed. How these issues are resolved 

will have important implications lor agriculture. which has taken a keen interest in climate 

change legislation. 
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Introduction 

Policymakers are dedicating considerable attention to climate change mitigation. primarily 

discussing options for carbon dioxide (C02) emission reduction.' Less frequently addressed in 

proposed legislation is emission reduction for non-C02 greenhouse gases. such as nitrous oxide 

(N20). HO\\ever. N20 reduction efforts have the potential to mitigate climate change. Moreover. 

N20 emission sources may be regulated under the existing Clean Air Act as a class I or class II 

ozone-depleting substance at the discretion of the Env ironmental Protection Agency (EPA) 

Administrator. No new legislation needs to be passed to regulate N20 for climate protection and 

ozone recovery. 

The five non-C02 greenhouse gases regularly monitored but not entirely regulated by EPA 

(methane. nitrous oxide. hydronourocarbons. pernourocarbons. and sul fur hexanouride) 

accounted for nearly 15% of U.S. greenhouse gas (GHG) emissions in 2007. as measured by total 

tons of C02 equivalent. 2 itrous oxide-the third-most abundant greenhouse gas-was 

responsible for roughly 4% of total U.S. GHG emissions in 2007 by weight. Although they 

comprise a smaller portion ofGHG emi sian . non-C02 greenhouse gases. including 20. are 

more potent than C02• The gases identified above are 25 to 22.800 times more effective than an 

equivalent weight of C02 at trapping heat in the atmosphere. with 20 being 298 times more 

potent by \\eight. ; 

In addition to being one cause of climate change. 20 is an ozone-depleting substance (ODS). ' 

Indeed. scientilic analysis suggests that N20 is now the leading ODS being emitted. as emissions 

of other substances have been reduced significantly O\\ ing to regulations enacted in the late 

1980s. in the Montreal Protocol on Substances that Deplete the Ozone Layer.5 N20 emission 

reduction could thus play a compelling role in recovery of the ozone layer as well as in climate 

change remediation. 

The agricu lture sector is the primary anthropogenic source of nitrous oxide.<> The bulk of U.S. 

N 20 emissions stem from fertili zing agricultural soils for crop production. tratcgies or 

1 For mor.: inl(mnation on C01 ~mission rcdu~tion tcchniqu~..-:.. sc.: CRS R~port RL33801. Carbon Capture allll 

Sequc•stration rCCS). h~ P~ter Folg~r . For more inlonnation on lcgislati1c proposals to addr~ss climate change <Uld 

r~gulation or grcenhous~ gases und1..T th~ Clean Air Act. sec CRS R~port R-t0556 . . \larket-&tsed (ireenlwuse Gas 

Control: Selected Pmpmals in the II t 11 
( ·ongress. b~ Jonathan L. Ramseur. Larr~ Pw·J...er. and l3n:nt D. Yacnhu~i: 

and CRS Report R-t0585. Climate ('hang!!: Potential Regulation (!I Stotionary Greenhouse (ias Sources l 'nderthe 

Clean. lir .let. h) l.arr) Parker and James E. M<.:Cart h) . 
1 U.S. J:m ironmemal Protection Agcnc). :!009 l .S. Greenhoust! Gm lm·enun:1· Report. EPA 430-R-09-00-t. April 

2009. hnpJ cpa.gm lclimatedlwlgcl~mi>sions/usin' cntor~Tcport.html. 

' l'he potenc) ora grccnhousc gas is describcd b) its global 11arming potential (GWP). an ~>timate or ho11 much a 

greenhousc g<L~ alli:cts climate chang<: 01cr a quantity or time rdathc to ('01. 11hieh h<L~ a Ci\VP 1aluc of I. 

lntcrgo,crnmcntal Pand on Cl imate Chang~. Climate Change ]Orr: The Pltysical Science Basts (2007). p. 2 12. 

1 An (VOnc-dcplcting substam.\.' is a compound that contributcs to ~tratospheric otone depletion b) rcJC[L'iing ~hlorinc or 

bromin~ atoms intothc atmosphcr~ 11hcn broken do11n.lcading to the dc:-truct ion ofoton~. a substance neccssar~ to 

prc1cnt harmfi.1l lJVB ra) s from reaching Earth. 

' The Montrcal Protocol is an intermuionaltrcat) cralkd to protect the 'tratosph~.:ric omne layer h) gradual I) 

diminating a numocr of 0/0ne-d~plcting substan~s. 

6 Also in th..: agriculture :-ector. animal digc>li\C systems and manure managcm~nt account lor a larg~ portion of't I.S. 

methanc emissions. n1c lntcrgo1crnmental Panel on Climate Chang.: (IPCC) <L'isigns nitrous oxid.: and met han~ a 

global 11arming potcntial of29S and 25. rcspcctildy. 
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technologies designated for N20 emission reduct ion arc limited. 7 This is partly due to the dispersed natllrc of 20 emission sources. 

In the agr iculture sector. the majority ofN20 is released as a consequence of spec ific nitrogen cycle processes (nitri fication and denitrification) when large amounts of S) nthetic nitrogen 
ferti lizers are used for crop production. M ore effic ient appl ication of syntheti c fertili zers (e.g .. precision agriculture. nitrogen in'hibitors. nitrogen sensors. controlled-release fertili zer products) is one way to reduce excess amounts of nitrogen avai lable for bacterial process ing and eventual release to the atmosphere as ~o. ll igh costs and diflicult) in measur ing these products· eflicacy. among other deterrents. have hampered widespread adopt ion of practices to reduce 20 
emissions. 

This report focuses on the contributions of N20 to climate change and ozone depletion. Pol icy options for 20 emission reduction. sources of 20. and federa l support to lower N20 emissions are discussed. 

Nitrous Oxide: A Primer 
N itrous ox ide (N20). fami liar to some as " laughing gas ... contributes to cl imate change and ozone depletion. Once released. 20 lingers in the atmosphere for decades (its atmospheric lifetime is approximately 114 years) and is 298 times more enective at trapping heat in the atmosphere over a I 00-year time frame than carbon diox ide (C0 2).s N10 emi ssion quantity est imates have 
remained fair ly constant over the last few years. hovering around 312 mill ion metric tons carbon dioxide equi va lent (C0 2e). Sec Table I . 

Table I. U.S. Greenhouse Gas Emissions 
(mi llio n me tric tons C02e) 

Gas I Source 2005 2006 2007 Avg. C ontributio n• 
Carbon dioxide (COz) 6,090.8 6,0 14.9 6. 103.4 85% 
Methane (CH•) 56 1.7 582.0 585.3 8% 
Nitrous oxide (N10) 315.9 312.1 311.9 4% 
Hydroflourocarbons (HFCs) 11 6. 1 11 9.1 125.5 1.7% 
Perflo uruocarbons (PFCs) 6.2 6.0 7.5 <I% 
Sulfur hexaflouride (SF6) 17.9 17.0 16.5 <I% 
Total 7.108.6 7.051.1 7.150.1 

So urce: Environmental Protect ion Agency. 2009 U.S. Greenhouse Gas Inventory Report. 
a. Average contnbution to tota l U.S. greenhouse gas inventory based on data provided for 2005 to 2007. 

7 Strah.:gic~ and technologies lbr N20 cmb~ion reduction arc limited in mmpari~on to rcsoun.:cs cxpcn~d lor methane captun:. Methane capture technologies. as \\ ell a~ limmcial and technical support. ror point source~ ha\C been a\ ailablc lor dea:tdes. For more inlornuuion on methane capture. ~e CRS Report R-108 13 . . llelfwne Cap111re: Oprions(or Greenlum~e Gas Emission Reclucrion. h~ Kclsi Bmcmort ct al. 
K S. Solomon. D. Qin. cu1d M. Mcuming ct al.. Climare ( 'ha11xr :!orr: Thr l'h;:~ical Science Basis. Comrihwion nj Jf rJrking Gmup fro rile l·'ourrh. IPCC. IPCC \\ '(i I /\R-1 Rcpon. NC\\ York. NY. 2007. hupJ/ipcc-\\g l .ucar.cdu/\\g I \\g 1-report.html. ·111e IPCC assigned ~0 a glohal warming potential of 298 O\Cr a I 00-~car time horiton. 
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Sources of N20 Emissions 

itrous oxide is emitted from anthropogenic (manmade) and natural sources. Oceans and natura l 

vegetation are the major natural sources of N20. Agricultural soil management (e.g., ferti lizat ion. 

application of manure to soils. drainage and cultivation of organic soils) is responsible for t\\0-

thirds of anthropogenic U.S. N20 emissions.') In 2007, N~O emissions from agricultural soil 

management totaled more than 200 million metri c tons ofCO~e. 10 Other anthropogenic sources of 

N~O are combustion by mobile sources (cars. trucks. etc.). nitric acid product ion, and manure 

management. 11 

Figure 1 depicts the origination and passage of nitrogen (N) that leads to ~o emissions from 

agricultural soi l management. T he amount of N20 emitted from cropland soils largely depends on 

the amount of nitrogen applied to a crop. weather. and soil conditions. Corn and soybean crops 

emit the largest amounts of N20. respectively. due to vast planting areas. plent iful synthetic 

nitrogen fertilizer applications. and. in the case of soybeans. high nitrogen fixation rates (Figure 

2). 12 

The Nitrogen Cycle 

Comprehension of the nitrogen cycle (Figure 3) is beneticial when craf1ing policy to reduce N20 

emissions from anthropogenic sources. N itrogen, an essential element required by organisms to 

gro\\ . is found throughout the atmosphere in various forms. The nitrogen cycle portrays the routes 

in \\hich nitrogen moves through the soil and atmosphere in both organic and inorganic form. 

Certain processes within the nitrogen cycle convert the nitrogen into a form that can be taken up 

by plants. Four of the maj or processes are: 

• nitrogen fixation--conversion of nitrogen gas (N2) to a plant-avai lable form: 

• nitrogen mineralization-conversion of organic nitrogen to ammonia ( 1-h): 

• nitritieation--conversion of ammonia (NIh) to nitrate (NO,-) via oxidation (that 

is. by being combined w ith oxygen): and 

• den itrification--conversion of nitrates back to nitrogen gas. 

itrous oxide is a b) product of nitrificat ion and denitrification. Both processes occur naturally. 

Excess appl ica tion of nitrogen fertili zer can lead to increased nitr ification. which can cause nitrate 

to leach into ground\\ ater or surface runoff (in turn. this causes eutrophication. which can damage 

aquatic environments). 

'' i\gricuhuml soi l management includes prac1ices I hal add 10. or creal~: <Ul environmcnl conducive lo I he rek:asc ol: 

minc.Tal nilrogcn ( 1). 

10 li.S. En' ironmcnlall'roleclion i\gt:nc~. ]009 l :s. (ireenlwuse (im lm·enwrr Report. 1]>;\ 430-R-09-00-1. April 

2009. hllp:l/cp<t.go' dimatt:chtmge , emission~ u,imcnlo~Tcporl.hunl. 

11 Mobile ( lliel) mmbustion leads lo N~O being emillt:d as a b~producl. 20 is released as a b)produ\.1 during the 

oxidalion of' ammonia for produclion of nilric acid a primar) componenl of s~n1he1ic fi:nilizers and some e'>plosi' es. 

20 emissions arc gcnerall~ released in large amounls from dr~ manure handling sys1ems (e.g .. pasiUre. solid storag.:). 

I! l I.S. Depm1mt:nl of i\gricuhurt:. L'.S .. lgriculture and /·i>res/1)' Greenhouse Gas !Jn·ellfoiJ'·' 1990-1005. 'kchnical 

Bullelin o. 192 1. 200X. hnp:J/,, '' ''·usda.go\'/m:dglobal_ changc/i\FGG ln, enlor~ 1990 _200S.hun . ilrogen lixa1 ion is 

lhe co111er~ion ofni1rogcn gas to ammonia. 
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Figure I . Sources and Pathways of Nit rogen (N) Re su lting in NzO Emissions from 
Agricultura l So il Manageme nt 
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So urce : U.S. Environmental Protection Agency, 2009 U.S. Greenhouse Gas Inventory Report. EPA 430-R-09-004, Chapter 6, April 2009. Adapted by CRS. 
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Figure 2. County-Level N 20 Emissions from Major Cropped Soils in 2005 
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S ource: USDA U.S Agriculture ond Forestry Greenhouse Gas Inventory: 1990-2005. Adapted by CRS. 

Notes: I Gigagram (Gg) is equivalent to 1.000 metric tons. Major crops are defined as com. soybean. wheat, 

hay. sorghum. and cotton. 

Figure 3.The Nitrogen Cycle 

Nitrogtn in atmospht re (N1) 
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So urce: EPA Adapted by CRS 
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Opportunities and Challenges for Nitrous Oxide 
Emission Reduction 
NzO emission mitigation opt ions arc available for agricultural soi l management and nitric acid producti on. N itric acid is a chemica l compound used to makeS) nthetic ferti lizers. zO abatemem options for nitric acid production include a high-temperature catalytic reduct ion method. a IO\\ temperature catalyt ic reduction method. and nonselecti ve catalytic reduct ion. P T he estimated reduction erticiencies (the percentage reduction achieved" ith adoption of a mitigation option) are 90%. 95%. and 85%. respectively. 

Agricu ltural soil management mit igation opt ions recommended b) researchers and technology transfer spec ialists to discourage excess appl ication of nitrogen fertil izers and soil disturbance (Table 2) arc not generally being practiced. Fertilizer and soi l best-management pract ices aim to provide the crop "' ith the nutrient and soil conditions necessary for crop product ion. and prevent nutrient and soi I loss from the crop lield (e.g .. erosion. leaching). 1~ Some may cons ider less money spent towards fert ilizer use an economic incent ive for agricultural producers. 15 Others ma) be concerned to ensure that crop yields meet expected feed. fiber. and fuel mandates (e.g .. tor corn ethanol). \\ hich may be di fficult to anain with less fertil izer use. 11
' Monitoring reduced nitrogen fert i l izat ion app lications on a large scale tor climate change mitigation purposes may be di flicult : it is not clear how such a program could be managed at a nationallevel. 17 En forcement options could include voluntary ver i fi cation. third-party verifiers. or government intervention. 

Reporting N~O emissions from agr icultural soil management was not included in the Final M andatory Reporti ng of Greenhouse Gases Rule issued by EPA on September 22. 2009.18 EPA's reasoning behind this dec ision was that no low-cost or simple direct N20 measurement methods ex ist. Additionally. EPA released a proposed rule requiring ne" or modi fied facili ties that could trigger Prevention of Significant Deter ioration (PSD) permitting requirements to apply for a revision to their operating permits to incorporate the best avai lable control technologies and energy efficiency measures to minimi ze GHG emissions. 19 

11 U.S. E1l\ ironmemal Protection 1\g.:nc~. (i/oha/ lfiligalion t?( \ 'on-CO: (ireenlwuse Gases. EP 1\-13()-06-005. 2006. Catal~tic reduction methods usc a catal)st to reduce nitrous o>.ides in exhatt'it gas at var~ i ng temrx:ratures. 
II c. S. Sn~der. 1-'erlili:er \i!rogen /1.\/l's /0 Limill.osses nun Cmunhwe /() (i/ohal IJ'arming. International Plalll utrition Institute. Ret: # 08057. June 2008. http://\\\lll'.ipni.net/ipni,,cb portal.nsli'O 6D541\B('2C921)91\FI\R525 749130074 FF59. 
11 According to the (io,ernmellll\ccountahilit~ Otlice. nmural gas is the high.:st-pril:.:d factor \\hen producing nitrogen fert ili;cr. llllls. nmural g<t~ prices impact nitrogen lcrtili/..:r cosh. U.S. Gcn.:rall\ccounting Ollie..:. \ 'at ural Gas: l)mneslic \ i1mgen Ferlili:er Production Depmds on \at ural ( ias . lmilahilily and Prices. G/\0-03-1 148. Scpt.:mber 2003. http://\\"'' .gao.go, /nc'' .items/d03 11 48.pdr. 
1 ~ For example. the RcnC\\ahlc f'ud Standard (RFS) is a provision cstahli sh.:d h~ th.: J:n.:rg~ l'ol ic~ 1\ct of 2005 requiring gasoline to contain a minimum amount of lhd produc.:d !rom r.:nc"ahlc biomass (including corn). For mor.: information on the RFS. sc.: CRS Rcpor1 R40 155. Se/ec!ed Issues Related to onl~~fXImion oj the Rem'lrah/e l·i1el Swndard rRI·:'iJ. b~ Br.:nt D. Yacoblll:ci and Rand~ Schncpt: 
17 For more inlonnation on monitoring carbon in agriculture. sec CRS R.:port RS2296.t . \lea.\l(rinK aml.\lonitoring Corium inlhe . lgriculwral and l·im'.W:r Sec1ors. h~ Ross \.\'. Gone and Renee Johnson. 
IS For more information on the agricultural implications ol'the Mandato~ R.:porting ofGrc.:nhous.: Ga~es Rule. sec CRS Report RL32948 . . lir Quality Issues and. lnimal lgricu/11/re: .·1 !'rimer. h~ Claudia Copeland. 1
' ' For more infi)rmat ion on the proposed PSD rule. s.:c CRS Report R405R5. Climllle Change: Potemial Regula/ion o.f StuliOIIWT Green/muse Gas Sow·ces ( nder 1/te Clean . I ir . lei. h~ Larr~ Par"-er and .lanK'S 1-.. McCarth~: and J:P 1\. (continu~d ... ) 
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Table 2. Select N10 Mitigation Alternatives for Agricultural Soil Management 

Mitigation Alternative 

Split fertilization 

Simple fertilization reduction 

( I 0%. 20%, or 30%) 

Nitrification inhibitor 

No-till 

Description 

Application of same amount of nitrogen ferti lizer as in baseline 

but divided into three smaller increments during crop uptake 

penod to better match nitrogen application with crop demand 

and reduce nitrogen availability for leaching, nitrification, 

denitrification. and volatilization. 

Reduction of nitrogen-based fert ilizer from one-time baseline 

application of I 0%, 20%, or 30%. 

Reduces conversion of ammonium to NOJ-, which slows the 

immediate availability of nitrate (nitrate is water soluble). The 

inhibition of nitrification r educes nitrogen loss and increases 

overall plant uptake. 

Conversion from conventional t illage to no-till, where soils are 

disturbed less and more crop residue is r etained. 

Source: EPA, Global Mitigation o( Non-COz Greenhouse Gases, http://www.epa.govlclimatechange/economics/ 

downloadsiGM_SectionV _ Agriculture.pdf. 

Federal Support for Nitrous Oxide Emission 

Reduction 

USDA provides some financial and technical assistance for nutrient management through its 

conservation programs.~0 Moreover. USDA's Agricultural Research Service (ARS) is studying the 

relationsh ip bet ween agricultural management practices and nitrous oxide emissions. ~ 1 

In addition to the agriculture sector. work is being done in the transportat ion sector to reduce N20 

emissions. Mobile combust ion was responsible for nearly I 0% of 20 emissions reported in 

2007.1~ One N~O emission reduction initiative. proposed by EPA and the Department of 

Transportat ion. is to cap tai lpipe N 10 emissions at 0.0 I 0 grams per mi le as part of a wider effort 

to reduce greenhouse ga emissions and improve fuel economy in tandem. v ia a co~ emission 

standard for light-duty vchicles.2
' EPA has allocated financial resources to quantify N10 

emissions for the greenhouse gas inventory (e.g .. DAY CENT model).1~ 

( ... continuoo) 

Proposed Rule: l're1·emiun ofSigni(icam Deteriorwion and fitle r· Ciremhouse Gas 1 ailoring Rule. 2009. 

hup:l """ .qm.go\' SR/ Is2009093<hction.html. 
1° For mor~ inlormmion on agricultural conscn at ion program~. sec CRS R~pon R40763. Agricultural Conseri'Cition . 

. I Guule to Programs. b~ M~gan Stubbs. For mon: inlimmuion on t~chnical assist<Ull\: for nutri~nt management. sec 

USDA. at ural Resource~ Conscnation Sen il\:. CimseiTaticm Practice Swndard .\wrient.llmwgeml'/11 Code 590. 

J\ugu~t 2006. flp:llflp-fe.sc.:.cgm .usda. go\' 'IIQ practicc-;1andards/standards/590.pdt: 

~ 1 For more information on the c.:llorts undcrwa~ atARS. 'isit th~ Air Qw~it) of Agricultural Sy!;tcms Research Unit 

\\eb~ite at http:l/\1" '' .ar~.usc:Ja.go,/rnain/sitc_rnain.htm'?rnodccod~ 36-25- 15-15. or the Air Qu;~it~ ational Program 

11ehsit~ at http://\\"" .ars.usc:Ja.go1/ rescarch/programs/programs.htm'?NP _ C0Dfo=203. 

~~ U.S. Ln1 ironmental Protection Agent:). ]()(J9 l :s. Greenhouse Gas h11·emo1)' Report. EPA 430-R-09-00.t. April 

2009. lmp:l/cpa.go,fd imat~ch;mgc/cmissionsfusi 111 cntor~rcport.htm I. 

1
·' l '.S. Em iron mental Prot~ctiun Ag~m:~. I:PA and .\ 11/S-1 l'ropose llistoric .\ational Program to Reduce 

GreenlwiL~e Gases and lmprore l·iud I~COIIOII(r.for Cars and 7i·ucks. EPA-420-F-09-047. September 2009. 

( continu<..'d ... ) 
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Policy Options for Nitrous Oxide Emission 
Reduction 
Congress has begun to investigate the reduction of non-C02 greenhouse gas emissions. including N20 emissions. as one strategy to mitigate climate change. ome contend that 20 emissions reduction could serve as a short-term response in the larger. long-term scheme of mitigation and adaptation efforts.25 It may be vie,, ed as a short-term response because N20 emissions make up a small amount of the GHG inventory compared to C02 emissions. Any substantial approach to mitigate climate change is likely at some point to have to address sources that emit C02. 

Congress cou ld approach N20 emiss ions reduction as part of a comprehensive GHG emiss ion strategy offering economically attractive abatement alternatives to discourage actions leading to climate change. For example. a cap or fee on N20 emissions cou ld spur innovative methods for agricultural producers to limit excess synthetic fertilizer application. Congress could also examine the tools necessary to identify N20 emission abatement options. assess their cost. and determine 
their economic impact for full incorporation into climate change legislat ion. 

Besides mitigating climate change. reducing N20 emiss ions could lead to ozone recovery. 
Congress could explore the co-benefits that may ari se from restricting 20 emissions for climate change purposes. N20 is not regulated as an ODS under the Clean Air Act. Title VI. Stratospheric Ozone Protection (as guided by the Montrea l Protocol). As emissions of other ODSs (e.g .. 
ch loronuorocarbon-1 1. halon-1 2 11) have dec lined due to regulation. 20 has emerged as the dominant ODS emission.2

r. The first-ever published ozone depletion potential (ODP) va lue 
assigned to 20. 0.0 17. is less than the ODP value of 1.0 for the reference gas chloronuorocarbon II (CFC-1 1 ). While some may not see a cause for alarm based on the ODP value alone. the 
quanti ty of 20 emissions and its potency as a GHG can lead to serious harm (see Table 1 ). 

The ODP value for N20 does not aiiO\\ for its mandatory inclusion as a class I substance for regulat ion under the Clean Air Act. 27 However. ,O could be listed as a cia s II substance at the d i ~ection of the EPA Administrator or regulated u~der Section 615 of the act.18 C lass I substances have an ODP of0.2 or more and arc more harmful to stratospheric ozone molecules than Class II substances. which have an ODP of less than 0.2. 

( ... COillinULXI) 

http:!/""\\ .epa.go1 /otaq/dimatelregulations .t201U9047 .htm. 
~ ~EPA uses the DAYCI~ T ecos~stem model tor thc U.S. greenhou,.: g<L~ in1cnto~ .. to c~timate dircct ::0 emission' lhlln mineral cropland soils thai arc managcd lor production of major crops s~ci lkall~ corn. so~ bcan-;. "heat. al i:1l fa lm~. other ha). sorghum. and cotton:· 
~ · Shilpa Rao and Ke~"an Riahi. ·· rhc Role of Non-CO; Greenhouse (o<L'es in Cl imate Change Mitigation: Long-Term Sccnario~ lix the 2 1' 1 Centur~:· l:ill!rl-,.'1. Joumal. 101. 27 t2006). pp. 1-26: Mario MolimL DumO<xl/.acll,.c. and K. Madha1a Sarma el al.. .. Reducing Abrupt ('lirmue Change Risk Using thc Mnntr~al Protocol and Other Regulator~ Action, to Complement Cuts in CO: Emb,ion,:· l'rocl.'edings u_(llt<' \a1umal . lcadl!my o{Sciences r~(1fle l ·nued .){{lfl!s t!f.lmerica. October 12. 2009. 
11' A R. Ra1 bhanl,.ar<L John S. Daniel. and Robert \\·. l'ortrmmn ... ;--:itrou' (hid~ (;-,:0): rhe Dominant 0/oncl)cplcting Substance Erniu..:d in the 2 1" C..:nlur~:· 5icienc<' l~\fJn!ss. August 27. 2009. 
~" .t2l l.S.C. * 767 la. 1 he J:J>A Admini,trator ma~ add 10th~ list ofdass I sub-.tancc, an~ ,ubstar1L"I!S that the Administrator determines as ha1 ing an O/onc derletion potential of 0.2 or gr..:mer. 
:N 42 U.S.C. * 767 1n. 1 he EPA J\dminislrator ha~ the authorit~ to prompt I~ promulgat~ regulations re:.rx:cting the comrol of an ODS b~ submitting notic~ of the rroposal and promulgation of such regulation 10 thc Congress. 
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N:O: Poteutiall~ole iu Greeulzouse Gas Emissiou Redztctiou aud Ozoue Recoven; 

With or without ODP substance listing, Congress may find it useful to incorporate the ozone 

dep leti on impacts ofN20 into its climate change policy proposals both to reduce greenhouse gas 

emissions and to further ozone recovery ach ievements. Classifying 10 emission reduction as an 

eligible offset type. including N20 as a covered entity within a cap-and-trade program. or 

directing EPA to use existing authority under the Clean Air Act to regulate 20 are other 

avai lable options to reduce N20 emissions for ozone or cl imate protection. Any option chosen to 

reduce 20 emissions w ill more than likely require an improvement ofN20 estimation. 

measurement, and reporting methods and possible financial incentives. 

Congress could apply lessons learned from previous international agreements that are intended to 

abo! ish harmful compounds. The outcomes of the Montreal Protocol. put into action in the late 

1980s. may prove useful to Congress in understanding the long-term implications of certain 

climate change policy options. specifically cap-and-trade. A number of gases were phased out 

under the Protocol. which allowed for each country to establish a regulatory framework to 

monitor and reduce ODSs. Certain ozone-depleting substances. such as 20 . were not included in 

the Protocol partly because their threat was not perceived as urgent at the time. However. one 

unintended consequence of the success of the Protocol reducing targeted OD s is that 20 has 

emerged as the leading ODS. 
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Desk Statement on Nitrous Oxide Article in Science 
"Nitrous Oxide (N20 ): The Dominant Ozone-Depleting Substance Emitted 
in the 2 1st Century" by A.R. Ravishankara, JohnS. Daniel and Robert W. 
Portmann of NOAA 

An article published in the journal Science today calculates the ozone
depletion potential (ODP) of nitrous oxide (N20) for the first time. The 
article then compares ODP-weighted emissions of N20 from human 
activities with emissions of other ozone-depleting substances (ODS). With 
the exception ofN20 , most ODS such as chlorofluorocarbons (CFCs) are 
controlled by the international treaty to protect the ozone layer, the Montreal 
Protocol. CFCs and other fluorinated gases are produced for use in 
consumer and industrial applications while N20 emissions come from a 
variety of sources, including agricultural ferti lization and industrial 
production. Because of large reductions in emissions of other ODS - a 
result of successful efforts to eliminate production of these chemicals 
worldwide under the Montreal Protocol - the study concludes that N20 is 
now the largest remaining uncontrolled ODS. 

Results of this study underscore the complex relationship between ozone 
depletion and climate change. It has long been understood that N20 damages 
ozone in the stratosphere, but because N20 is also a c limate-forc ing gas, it is 
included in the "basket of gases" covered by the Kyoto Protocol, the 
international treaty addressing climate change. EPA will continue to work 
with leading scientists to better understand the implications of this study for 
future policies to protect the world's atmosphere from both ozone layer 
depletion and climate change. 





Findings and implications of the paper "Nitrous Oxide (NzO): The Dominant Ozone-Depleting Substance Emitted in the 21st Century by A. R. Ravishankara, JohnS. Daniel, and Robert W. Portmann of NOAA 

What is known about NzO and nitro~en oxide-driven ozone layer depletion? 1. Based on the seminal work of Crutzen and Johnston, it has been known for nearly 40 years that nitrogen oxides cause ozone reductions and are involved in maintaining natural levels of ozone. Emission of nitrogen oxides from supersonic transport (aircraft) and the ensuing ozone depletion was the very first reason for the concern about anthropogenic impacts on the ozone layer. 
2. It has been known for over 30 years that nitrous oxide (NzO) is the primary source of nitrogen oxides in the stratosphere. 
3. It is known that a significant fraction of the NzO emissions are due to human activities such as agricul tural fertili zation and industrial production. The preindustrial level of NzO was about 270 parts per billion (ppb), and the current level is roughly 325 ppb. Its concentration in the atmosphere continues to increase. 
4. Many studies have examined what happens to the stratospheric ozone layer if nitrous oxide emissions are altered. 

What is new from this study? 
1. The study calculates the ozone depletion potential (ODP)-a relative measure of stratospheric ozone depleted by a unit mass emission of a gas relative to that for emission of a unit mass of chlorofluorcarbon-11- of NzO to be roughly 0.017. This positive number is comparable to the OOPs of some of the HCFCs and implies that NzO is an ozone-depleting gas. Although the literature widely supports that NzO destroys ozone, to our knowledge, this is the first time NzO is suggested to be an ozone-depleting substance in the way that other gases, already regulated under the Montreal Protocol, are. 
2. More importantly, the study compares the ODP-weighted anthropogenic emissions of nitrous oxide with those of CFCs and other ozone-depleting substances. It shows that NzO emiss ions in these terms were the fourth largest even at the height of the CFC emissions in 1987 prior to the Montreal Protocol. It also shows that NzO is now, and is expected to be for the next century, the la rgest ozone depletion gas emission if the 

anthropogenic NzO emissions are unabated. 
3. The study compares the contribution of NzO e missions to various other ODS controls that are envisaged and notes the large magnitude of NzO's contribution to ozone 

dep letion compared to those from other considered measures. 
4 . NzO is also a greenhouse gas. The study notes that there would be climate AND ozone layer benefits to reductions in N20 emissions- a "win-win" for both ozone and climate. 

Bottom line: the dots were all there, but this study 
connected the dots to show that emissions of nitrous oxide 
are the most harmful to the ozone layer of all the 
substances being emitted today-- and wi ll remain so for the 
21st century under current policies. 
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Two important points that could cause confusions: (a) Even though N20 depletes the global 

ozone faye~ its impact on the ozone hole (the annual/ate-winter-springtime ozone loss in the 

Austral stratosphere) is negligible! This difference between CFCs and N20 comes about because 

of interesting chemistry differences. This could be a major point of confusion to the public and 

the press. (b) Currently, stratospheric ozone depletion is dominated by ODSs already regulated 

by the Montreal Protocol, which have accumulated to large concentrations 

Who should care about these results? 
1. The general public, who should know that ozone layer depletion has been occurring 

ever since industrialization. 
2. Policy makers who deal with ozone layer depletion policy and climate change policy. 

This includes many US agencies, US negotiators, US EPA, USDA, State Dept., etc. It also 

includes international institutions such the UNEP and WMO. 

3. Scientists-because many assumptions about the dates for when the ozone layer 

depletion started, when the ozone layer will recover, and many other issues will have to 

be reexamined. 

Some sensitivities (ones that we can think of now): 
1. USDA may be very sensitive to this finding since the predominant sources of man-made 

N20 emissions are from agricultural practices. 

2. US EPA will be sensitive to this finding since it may have to declare N20 an ozone

depleting gas and may have to regulate its emissions. 

3. Many Nations will be sensitive to this because all have s igned the Montreal Protocol 

and, now, an agriculture-related emission may have to be dealt with. It may also affect 

many choices in reductions that the countries have agreed to make and are likely to 

agree to make, for example the HFC phase down under the Montreal Protocol. 

Policy Implications: 
1. As an ozone-depleting substance N20 may have to be considered under the Montreal 

Protocol and thereby require an amendment to the protocol. As a more important gas 

to climate change currently than the collection of HFCs, regulation of N20 under both a 

climate agreement and the Montreal Protocol could pose challenges to negotiations. 

2. Given the introduction of another ozone-depleting substance to the mix, nations may 

want to reexamine their strategies for phasing out other ODSs and their s ubstitutes. 

3. The increased potential regulation of many greenhouse gases under different treaties 

could call into question the basket of gases approach for climate gases. 



Nitrous Oxide (N20): The Dominant 
Ozone-Depleting Substance Emitted in 

the 21st Century 

To be published in Science 

A. R. Ravishankara, John S. Daniel, and Robert W. Portmann 

Chemical Sciences Division, Earth System Research Laboratory 
National Oceanic and Atmospheric Administration 

325 Broadway, Boulder CO 80305 

Contact information: 

Ravishankara John Daniel Robert Portmann E-mai I: A.R.Ravishankara@.noaa.gov -Phone: 303 397 5821 
E-mail: John.S.Daniel@noaa.gov 
Phone: 303 497 7622 

E-mail : Robert. W.Portmannra.noaa.gov -Phone: 303 497 7083 FAX: 303 497 5822 

l 



Key Points of Presentation 

1. Fact: NOx from N20 leads to ozone depletion; N20 is not regulated 

under the Montreal Protocol. 

2. In this paper: We have treated N20 like any other ozone-depleting 

substance (CFCs, Halons, methyl bromide, ... ), and calculated its Ozone 

Depletion Potential (ODP). 

3. In this paper: We used that ODP to compare the ODP-weighted 

emissions of anthropogenic N20 to the ODP-weighted anthropogenic 

emissions of other ozone-depleting substances. 

4. Finding: Anthropogenic N20 is now the largest manmade ozone

depleting gas emission (a recent development owing to the successful 

abatement of CFCs and other ODSs under the Montreal Protocol!), and 

it will remain so for the next century if anthropogenic emissions ofN20 

are unabated. 
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What we know: Chlorine catalyzes Ozone 
destruction 

Gas phase homogeneous catalytic reactions that can destroy millions of times more ozone
small amounts can cause a big change 

CFCs 
(chlorofluorocarbons) 

Cl+03 ~Cl0+02 
0+ CIO~ Cl+ 02 
net : 0 + 0 3 ~ 2 0 2 
Molina and Rowland 

Findings from 2002 and 2006 SAP ofUNEP/WMO: 
~ The Montreal Protocol is a success! 
~ The chlorine (and bromine) containing ODSs are decreasing in 

the atmosphere 
~ The ozone layer is expected to recover 
~ It is showing signs of recovery 
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What we know: NOx also catalyzes ozone destruction 

SSTs 

NO/N02 

N0+03 ~N02 +02 

O+N02 ~N0+02 

net : 0 + 0 3 ~ 2 02 

~ Additional catalytic cycles are also involved in 0 3 destruction 

~ The NOx cycle is a major ozone destroyer in the mid- to- upper 

stratosphere (part of the "natural" cycles?) 

~ Seminal work of Crutzen and Johnston r-.J 40 years ago 

-nitrogen oxides cause ozone reductions. 

~Nitrogen oxides from SSTs deplete ozone 

- the very first ozone layer depletion issue. 
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What we know: N20 is the main source of 
stratospheric NOx 

From mesosphere 

[No] ~[No2] 

NOX 

N20 (from trop) N20 is very stable in the troposphere 

D As N20 is converted to NOx in the stratosphere 

D '"'"' lOo/o ofN20 is converted to NOY (NOx) 

D N20 is the largest source ofNOx in the stratosphere 
Many studies have examined what happens to the stratospheric 
ozone layer if nitrous oxide emissions are altered. Conclusion
Increasing N20 leads to decreased in 0 3• 
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What we know: A significant part ofN20 

emission is of human origin 
- Northem hemisphere - Global - Southern hem1sphere 
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);;.> Concentration continues to increase at roughly 0.25% (of total) per year; 

i.e., r-.J 1% of anthropogenic component per year. 

);;.> All Increases in N20 is due to anthropogenic activity- looks like other 

anthropogenic emissions, e.g., C02, CH4 

;;... Anthropogenic sources: agricultural fertilization, combustion, industrial 

production, etc. 

2010 
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Ozone Depletion Potential ofN20 

ODP = Integrated Ozone depleted by emission of1 kg ofN20 

Integrated Ozone depleted by emission of 1 kg of CFC - 11 

Calculated ODP using Garcia-Solomon model for 2000 conditions 

ODP ofN20 = 0.017 

This positive number for ODP is comparable to those of some of the HCFCs: 

HCFC-123 = 0.02; HCFC-124 = 0.022; HCFC-225ca = 0.025; HCFC-225cb = 0.033 

I N20 is an ozone-depleting gas! I 
Previous literature widely supports that N20 destroys ozone 

~ To our knowledge, this is the first time N20 is suggested to be an ozone

depleting substance in the same way that other gases that are already 

regulated under the Montreal Protocol 
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A few points about calculated ODP 
Calculated ODP is robust 

ODPs calculated in this study for 
CFC-12 is 1.03 and HCFC-22 is 0.06-
agree with literature values. 

50 
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10~ 0 3 depletion dominated by NOx in mid
stratosphere, where 2D models do well 
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ODP influenced by chlorine amount in stratosphere 
- ODP for 1959 levels of ODSs is 0.026 

- 0.3 - 0 .2 -0.1 - 0.0 0.1 5 1 0 15 OU/km OU/ km 

ODP is influenced by amount of sulfate aerosol in the stratosphere 
-ODP for volcanic (like Mt. Pinatubo) conditions is 0.009 for 2000 and 0.019 for 1959; i.e., different ODPs for volcanic and non-volcanic periods But, volcanic periods last only a couple of years 
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Implications of our findings 

nthropogenic ~ 55 ppbv 

Current Emissions /current Atmospheric Concentrations 
Natural 

+ Large Natural Emissions 

+ Even larger natural concentrations 

+ Anthropogenic concentrations growing rapidly 

Two Key Points: 

? Our discussion is restricted to anthropogenic emissions 

- the ones that are under human control 

~ N20's ODP is small 

- buts its emissions are large 
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ODP alone does not tell the story 
Compare the ODP-weighted anthropogenic N20 emissions- not ODP- with 

those of CFCs and other ozone-depleting substances 

soor---------------------------------------~ 

-;:
~ 
~ 400 
9 
.2 
g 
§ 300 

"iii 
CJ) .E 
w 
"0 200 
Q) 

:c 
Ol 
"Qj 

~ 1 
a.. 
0 
0 

1987 
. 2008 

N20 CFC-12 H1211 CCI4 CH3Br 
CFC-11 CFC-113 H1301 CH3CCI3 

)..- Anthropogenic ODP-weighted-emissions ofN20 were the fourth largest ODS 
emissions even in 1987, at the height of the CFC emissions prior to the MP. 

)...- Anthropogenic N20 is now the largest ozone depletion gas emission; it will 
continue to be so and get even larger in the 21st century if the anthropogenic N20 
emissions are unabated. 
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)..- Compares N20 emissions contribution with some other ODS control 

strategies 

~ N20's contribution to ozone depletion is large compared to others when 

ODP-weighted emissions are used. 

~ Compare with methyl bromide- an emission related to agricultural and has 

both natural and anthropogenic origins 

~ The bank of CFCs is roughly equal to ~ 15 years ofN20 emissions 
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N20: the dominant ozone depleting 
substance emitted in the 21st century 

~1200 .--
.-
u tJ 1000 
~ 
~ 

'b 800 
.--
c' 
.Q 600 
V'l 
.~ 

5 400 
-o 
2:! 
..c 

ODP-Weighted 

- CH3CCI3, CC14 
-- HCFCs 
- Halons 
- CH3Br 

• -- HFCs Scenanos 

~ 
j * • l 2 1980 2000 2020 2040 2060 2080 2100 o Year 

N20 is already the dominant ozone depleting substance being emitted today! 
~ Continued growth in N20 , combined with decreasing chlorine loading, makes it even more important in the future. 
);;- There are uncertainties in projections ofN20 growth- but even the most 

optimistic projections shows an increasing N20 trend. 

13 



Climate benefits of reduced N20 

Ozone 
depletion 

Climate 
Forcing 
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There would be climate AND ozone layer benefits to reductions in N20 
. . 

emiSSIOnS 

-a "win-win" for both ozone and climate. 
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Differences between current ODSs and N20 
? Chlorine and bromine containing ODSs induce ozone hole 
~ N20 has negligible effect on ozone hole! 

~ Completely different chemistry- heterogeneous chemistry suppresses 
effects ofN20 in lower stratosphere and polar winter-spring 
stratosphere while het chem. enhances effects of chlorine. 

Y Different responses to volcanoes- chlorine induced ozone depletion 
increases, N20 induced N ox effects decrease 

I' Differences in vertical regions of where these chemicals are active
with its implications to climate change and other changes 

~ Coupling with cycles different 
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Other issues 
Changes in anthropogenic N20 emissions will affect: 

( a)the estimated date for the recovery of the ozone layer; 

(b )imply that the use of a single parameter such as Equivalent Effective 

Stratospheric Chlorine, EESC, to estimate the recovery of the ozone layer 

should be reevaluated; 

( c )implications for the recovery of the polar ozone hole that might differ from 

that of global ozone; 

( d)Calls in to question the "baseline" for ozone recovery. 

N20 could be an unintended byproduct of enhanced crop growth for biofuel 

production or iron fertilization to mitigate C02 emissions. Such an enhancement 

would lead to the unintended 'indirect' consequence of ozone layer depletion 

and increased climate forcing from N20 produced for alternative fuel used to 

curb global warming 

For history: Ozone depletion by anthropogenic N20 is roughly the same as that 

from the original projections for 500 US supersonic transport SSTs. 16 
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What we know: Others have studied the 
effect ofN20 increase 

Many studies have examined what happens to the stratospheric 
ozone layer if nitrous oxide emissions are altered 
Examples: 

oKinnison et al. (1988) 
oRandeniya et al. (2002) 
oChipperfield and Feng (2003) 

All indicate that ozone would decrease ifN20 increases 
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How is N20 converted to NOx? 
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